Abstract: While land serves numerous societal functions and contributes to sustainable development, it is often unclear how these functions are affected by political decisions and common drivers of land use change, such as economic development, climate change and demographic change. This study evaluates alternative land use scenarios in reference to a rural region of Inner Mongolia Autonomous Region (China), where various processes and decisions have historically triggered unsustainable development. The scientifically tested "Framework for Participatory Impact Assessment (FoPIA)" method is developed further to address specific features of the case study region, and its function as a knowledge-brokerage (KB) tool is evaluated. Three scenarios are developed and analysed in expert workshops.
Introduction
During recent years, China has benefited from a period of rapid economic growth. At the same time, China has also faced various problems related to land use change [1] . One challenge was to find a balance between economic growth and environmental conservation as well as social stability. This challenge has called for new policy actions to promote sustainable development [2] . In this study, we examine the example of the resource-rich Chinese Inner Mongolia Autonomous Region (henceforth referred to as Inner Mongolia) that is currently facing such dynamic land use changes. Nomadic grassland pastoralism has long been the dominating land use activity in Inner Mongolia [3] . In recent decades, this picture has dramatically changed for several reasons: rural structural changes due to nationwide economic development and population growth [4] as well as the increasing demand for natural resources. These natural resources refer, for example, to the regionally available "rare earths" [5] . Further, climate change and growing land degradation problems [6] have triggered a number of national policy measures related to higher efficiency resource use and sustainable land management [7, 8] . Currently, the main land use changes in Inner Mongolia refer to shifting former pastoralistic grassland management towards agricultural intensification, including animal husbandry and crop production [9, 10] ; open space mining (mainly coal) [5] ; and implementation of environmental restoration programs [11] . In addition, ecotourism is gaining increasing importance [12] . In summary, these changes mainly occur due to policy implementation. However, the sustainability impacts of those land use changes resulting from policy implementation are poorly known. Therefore, ex-ante impact assessment tools are needed, in particular to address policy effects on regional sustainability targets. These goals are to envisage scenario-based land use trends, impacts, and possible trade-offs between defined policy targets and social, economic, and environmental sustainability dimensions.
In research, land use systems are often described as a complex system of human-environmental interlinkages [13, 14] , which implies that sustainability-oriented land management cannot be based only on quantitative tools. Land management also requires a mixture of different methods that encounter societal norms and stakeholder needs and that are capable of conducting future oriented (ex-ante) assessments to address sustainable development. Such a strategy, however, requires qualitative and participatory assessment methods that can be used to integrate different aspects while also providing new information to support sound political decision-making from an interdisciplinary and stakeholder-driven perspective [15] [16] [17] [18] . In the European Commission, for example, ex-ante impact assessments have become a mandatory instrument for policies. The assessments thereby combine both societal-driven demands and norms from a three-dimensional sustainability perspective (economic, social, environmental) and research-based support from an evidence-or knowledge based perspective [19] . A key purpose of such ex-ante assessments in the decision support of land management is to identify likely policy impacts (before implementation) and to explore possible trade-offs between the economic, the social, and the environmental sustainability dimensions that could, on request, be adjusted and fine-tuned before actual implementation [20] .
In contrast, in China, such mandatory (ex-ante) sustainability assessment instruments do not exist at present. Instead, many existing policy assessments either focus only on single impacts (often economic) or only consider two sustainability dimensions (mostly the economic and the environmental dimensions) [21] . Further, for the particular case of land use in Inner Mongolia in China, a recent study by König et al. [22] revealed that there is a mismatch between the interests of local policy makers and the scientific topics addressed in the international literature. While much research has been conducted on topics related to the natural sciences, fewer studies have focused on social, economic and integrated studies. As a result, this mismatch could potentially lead to improper and unspecific political decisions, often implying a "one-size-fits-all" policy design and implementation [23] , while increasing the risk of failing to consider an integrative solution for sustainable development in general [24] .
Internationally, a variety of quantitative assessment tools exist in the field of land use policies [20, [25] [26] [27] . In this regard, stakeholder participation has been stressed as an important factor by several studies when addressing sustainable development issues related to multifunctional land use [14, 28] .
In this study, we applied the Framework for Participatory Impact Assessment (FoPIA) for assessing alternative land use change scenarios for the case of Inner Mongolia. FoPIA was originally invented by Morris et al. [29] for the European context to support developing computer-based sustainability impact assessment tools [20, 30] . Since then, FoPIA has been developed continuously and applied and tested on a variety of different land use problems in different regions. For example, there have been case studies in China, India, Indonesia, Kenya, Tanzania, and Tunisia [31] [32] [33] [34] [35] .
One recent emerging research topic that arose while applying FoPIA in this study is the concept of knowledge brokerage (KB). Yet, despite its various applications [29, 34] , FoPIA as a participatory impact assessment tool had not been analysed with respect to its usefulness for the communication in the science-policy interface. KB addresses different levels, depths and approaches of interaction among policy-makers and researchers, enabling their scientific expertise to be fed into the assessment process. While scientists usually provide profound results, there is no guarantee for their actual application in the policy process, e.g., by an adaptation of the policy based on the assessment results of the responsible governmental units [36] . KB serves as a mechanism to close this gap by improving the cooperation among political decision makers and researchers. The strong interaction among scientists and policy makers addressed in KB has been an emerging scientific topic in the past years. Researchers focused, e.g., on the KB review [15] and the development of KB frameworks, respectively [37] , or tested its practical implementation [38, 39] .
The present study builds on the results of a recent study published by König et al. [22] , which aimed to analyse the gap between international research topics and local stakeholder preferences related to multifunctional land use in Inner Mongolia. While making use of the extensive literature survey and analysis provided in König et al. [22] , the objective of this study was twofold: first, to further develop and test the FoPIA method for the regional case of Inner Mongolia; second, to reflect on the KB capabilities of FoPIA to identify to what extent FoPIA and its different assessment phases could serve as a support for KB between researchers and decision makers.
Materials and Methods

The Study Area
The Inner Mongolia Autonomous Region is located in northern China and is the third largest province in terms of area in China ( Figure 1) . As of 2010, major land use types in Inner Mongolia include ( Figure 1 ) grassland (41.5%), farmland (11%), forest (16%), built-up land (0.5%), water bodies (1%), and unused land (30.0%). Its grassland area is one-fourth of China's total, and its forested area is the second largest among Chinese provinces. Farming and animal husbandry, particularly sheep and goat herding, are the traditional source of subsistence. The climate is characterised by an arid to semi-arid continental climate [40] . In the past two decades, Inner Mongolia's population and its GDP have grown significantly. According to the 2010 Chinese Census, the population during the past 20 years has increased to 3.25 million people, a growth rate of 13.15%. The ability to maintain a balance between economic growth and ecosystem stability and thus to foster long-term societal sustainability has become a serious challenge facing the people of Inner Mongolia. During the past two decades, an emphasis on industrial and economic growth has greatly transformed this region, and with it has come an increasing pressure on natural ecosystems. As for the regional stakeholder perspectives, we considered a smaller sub-region, that of West Ujimqin, as an exemplary case. 
The FoPIA Method
FoPIA provides a structured sequence of methods [29, 34] to conduct participatory impact assessments of alternative land use scenarios. FoPIA incorporates the idea of multifunctional land use in which the "land use functions" (LUFs) concept is at the core of the method [29] . LUFs build upon the Ecosystem Services concept [41] and are defined as "goods and services" that summarise the most relevant economic, social, and environmental sustainability issues related to land use [42, 43] . Thus, LUFs provide a structured platform to analyse multifunctional land use in a balanced way, following a triple-bottom-line approach [44] .
For this study, FoPIA was adapted from König et al. [33] , who defined three assessment phases: context analysis, specification of the sustainability context, and scenario impact assessment. In addition to these three phases, we have included two new assessment phases: first, a pre-assessment phase of a comprehensive literature review on region-specific land use issues. Second, a dissemination phase was also incorporated by summarising the key findings in policy briefs to inform decision makers of the potential areas for improved policy making.
Phase 1: Context Analysis (Scientific Literature Review)
A broad survey of the scientific literature related to land use research in Inner Mongolia was conducted in a recent study by König et al. [22] . The aim of this previous survey was to identify the main research topics addressing the different land use topics and also to highlight the different scientific methods and materials used. The research topics were then related to the nine FoPIA land use functions covering multiple sustainability dimensions (economic, social, environmental) (see König et al. [22] , supplementary section: http://www.sisef.it/iforest/pdf/Konig_1172@suppl001.pdf). For this study, we used this information to provide a solid basis of regional background information, contributing to the following phases 2-4. In addition to this, the author list provided by König et al. [22] was used to compile a contact list of key experts.
Phase 2: Specification of the Sustainability Context
A regional stakeholder workshop was held in the study area of the West Ujimqin region, Inner Mongolia with the participation of ten local and regional decision makers ( Table 1 ). The selection was based on an ongoing regional land use project [10] and thus was initiated through established contacts between the Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Science and local officials, which is a common procedure when collaboration with international institutes is carried out in rural China. However, based on the study objective, the policy makers invited were to represent the various governmental authorities related to land use with respect to economic, social and environmental sustainable development aspects by considering representatives from the different land use departments [22] . The aim of the workshop was to obtain information on the perceived importance of social, economic and environmental LUFs and main land use problems affecting rural development in Inner Mongolia from the perspective of local officials. First, the workshop participants were asked to specify the nine LUFs for their region. Second, a preference-based weighing was performed whereby stakeholders could assign weights of the "perceived importance" to the different LUFs (important, less important, very important) [22] . As a result, this phase gained insight into local interests that served as a basis for phases 3 and 4.
Phase 3: Scenario and Indicator Development
The purpose of this phase was to elaborate land use scenarios and to define assessment indicators with knowledgeable scientists in the region. Based on the context analysis (literature survey) (phase 1) [22] , and also considering multi-co-authorships, we identified 46 key scientists whose disciplinary background matched with the context of different land use subjects related to research conducted in Inner Mongolia. Their expertise thereby reflected the foci of the literature review with respect to the three sustainability dimensions (26 experts with an environmental dimension, 9 with a social, 7 with an economic background, and 4 scientists covered multiple sustainability dimensions). To minimise possible response bias, we guaranteed that the individual results were confidential.
All scientists were contacted via email twice and were offered phone calls upon request as an optional communication medium. In the first email, we informed the scientists about our research and inquired about their interest in cooperating. Following this previous information, all scientists were contacted again with the request to contribute to the scenario/indicator expert-survey. Fourteen scientists responded to our request to contribute to the survey and send it back to us via email. Due to the background of the respondents, all three sustainability dimensions were covered (eight with an environmental, four with a social, and three with an economic background).
In the survey, researchers were asked to comment on three land use scenario narratives that reflected contrasting possible future development options for Inner Mongolia (see Table 2 for details on the final scenarios). The scenarios were drafted based on the information provided in the literature review (FoPIA phase 1) and implicit knowledge gained during the stakeholder workshop (phase 2). Further, the experts were asked to rank a set of 18 proposed indicators corresponding to the nine land use functions (high relevance, relevance, little relevance). These indicators were derived from previous FoPIA studies [34] and served as a starting point for a balanced selection, while room was also given for new suggestions.
As a result, this phase provided an expert-based elaboration of scenario narratives and assessment indicators that were later used as inputs in the scenario impact assessment for phase 4.
Land Use Scenarios
Three scenario narratives with 2010 as baseline references and perspectives regarding the year 2020 were considered; including the scenarios: "land intensification: agriculture", "land intensification: mining", and "environmental conservation and tourism" ( Table 2 ). Strong promotion of market-oriented agriculture activities. Economic development and an increasing need for resources will lead to more land intensification in the future Strong promotion of the mining sector. Economic development and increasing need for resources will lead to more land intensification in the future.
Environmental conservation activities and ecotourism will gain importance due to governmental programs and a growing middle class in China
Assessment Indicators
Based on the responses of the expert survey, a final set of assessment indicators was selected and is presented in Table 3 . Notably, we have opted to have no more than one indicator per LUF, as we experienced from previous studies that using multiple indicators per LUF is difficult and not straightforward in workshop settings [29, 45, 46] . This situation would have been different when doing calculations of multiple indicators per LUF under non-workshop conditions (e.g., when using multi-criteria types of tools) [47] .
Phase 4: Scenario Impact Assessment and Trade-Off Analysis
For the scenario assessment, a group of 13 scientists was invited to participate in a workshop held at the IGSNRR-CAS institute in Beijing. Our selection was based on the list of scientists whom we contacted to take part in the expert-survey (phase 3). The aim was to have a group of 15 participants, at maximum, to guarantee a manageable group size that would allow lively exchange and discussions. In addition, we aimed to have a balanced group of experts representing different disciplinary backgrounds. Note that, although those experts who participated in the workshops were paid (which is a common procedure in China), we realised that some high-level experts could not be attracted, which seems to be a general problem that might cause some bias. This issue was also stressed, for example, in a similar study approach conducted by Reed et al. [48] .
To begin with, participants were asked to reflect on the different land use functions in general that were presented in the form of a poster and to mark those LUFs in which they felt most knowledgeable and to mention the reasons for this. After this "warm-up activity", scenario assumptions (Table 2 ) and assessment indicators (Table 3 ) developed in FoPIA phase 3 were presented to the group, discussed and specified when necessary to build a common ground of understanding for the assessment. For the scenario assessment, we used the same structure as proposed by Morris et al. [29] and successfully tested in five other cases [34] . Workshop participants were asked to score scenario impacts (−3 to +3) on the nine LUF assessment indicators on a prepared score sheet (anonymous and written). The average impact results for each indicator were presented back to the group. This presentation was followed by a moderated discussion about possible positive and negative scenario impacts. After a group discussion, participants were given the opportunity to make adjustments. In the next step, results of the LUF preferences of the stakeholder workshop in Inner Mongolia on the "perceived LUF importance" of the different LUFs were given (results phase 2, Table 3 ). The purpose was to combine the stakeholder views with the anticipated expert views on the scenario impacts.
This step allowed for a discussion of the possible sustainability trade-offs between the different LUFs and corresponding sustainability dimensions (economic, social, environmental). Based on this aggregated perspective, possible policy recommendations were discussed, serving as an important input for phase 5.
Phase 5: Formulation of Policy Recommendations
At the end of the scenario impact assessment workshop (phase 4), we asked the participants to provide policy recommendations and needs for future research. The recommendations, together with a summary of key findings, served as the basis to formulate policy briefs for dissemination among decision makers and participating scientists (phase 5). In addition to the scientific use of assessment results and methodological development, dissemination activities for the public are crucial in the participatory impact assessment. Therefore, a summary of the main findings from phases 1-4 was synthesised and was distributed via email to the participating stakeholders in phase 2 (regional and local policy makers) and the experts who participated in the scenario impact assessment workshop (phase 4). After feedback comments, changes were incorporated, and the final results were presented in a policy brief and distributed digitally by means of an impact assessment online platform (LIAISE, http://www.liaise-kit.eu/).
Results and Discussion
In the following section, we present and discuss the key findings derived from the different phases in this impact assessment study. Because this study is based on a recent study by König et al. [22] , we place emphasis on the new findings derived from FoPIA's assessment phases 3-5 (assessment indicators, scenario assessment, policy recommendations), whereas the key findings from phases 1 and 2 will be considered in the overall discussion.
Selection of LUF Assessment Indicators
As a result of the expert survey from phase 3, a set of assessment indicators could be identified (Table 3) for this study. For each LUF, only the highest average score was selected for further consideration during the scenario assessment in phase 4. For the economic dimension, on-farm income resulting from agricultural activities appeared to be the most relevant indictor for the LUF "land based production". This indicator is already widely used, particularly in the context of land use studies in China [49, 50] . For the LUF "industry and services", off-farm income was defined as an indicator, as it reflects rural non-agricultural income sources, which mainly originates from urban areas and secondary sectors. "Access to markets" was selected as the indicator for the LUF "provision of infrastructure," reflecting the importance of connections to markets to the rural society [51] .
3.1.2. Social Indicators "Regional employment rate" was selected as the indicator for the LUF "provision of work" because the majority of rural people work in the primary sector (mainly agriculture). "Food self-security" was ranked highest for the LUF "food security" as a means of independent regional food supply, reflecting a long tradition of self-supply for rural people in Inner Mongolia [9] . The indicator "attractiveness for tourism" related to the LUF "cultural identity" was selected to serve as a measure for the growing tourism sector in Inner Mongolia [12] .
Environmental Indicators
For the environmental dimension, the indicator "water resource availability and quality" was ranked highest for the LUF "provision of abiotic resources". Inner Mongolia has a general water availability problem due to its semi-arid climate [52] but also a problem of increasing water pollution due to increasing mining activities [53] . "Provision of habitats for living organisms" was defined as an indicator for the LUF "provision of biotic resources," referring to a structured (fragmented) and mainly undisturbed environment [54] . The indicator "likelihood of environmental risks" was ranked highest among the proposed ones for the LUF "maintenance of ecosystem processes". In the context of Inner Mongolia, environmental risk refers mainly to land degradation that often results from a mismanagement of land (i.e. soil erosion), for example, as a result of overgrazing [55] , intensive tillage [56] , and open space mining activities [57] .
Scenario Impact Assessment
Assessment of Scenario Impacts (Individual LUFs)
The results of the scenario assessment indicate a differentiated picture among anticipated (expert-based) scenario impacts and between the different land use functions (LUFs) being affected (Figure 2 ).
Scenario 1: Land Intensification: Agricultural
This scenario was expected to have positive impacts on four LUFs (1 social, 3 economic), i.e., contributing to food security, land-based production, industry and services and infrastructural development. A minor negative impact was expected for the social LUF work, culture (tourism), with increasing negative impacts on all environmental LUFs (water, biodiversity and environmental risk). Given the large amount of land available in Inner Mongolia that can be used for agricultural production to cope with the growing demand for food in China [9] , a key challenge lies in the formulation and implementation of adequate agricultural management that considers the sensitivity of soils in Inner Mongolia to wind and water erosion [52] .
Scenario 2: Land Intensification: Mining
This scenario was expected to have positive impacts on three LUFs (1 social, 2 economic) and negative impacts on six LUFs (2 social, 1 economic, 3 environmental). Not surprisingly, social LUFs related to food security and culture would most likely be negatively affected by the expansion of mining activities. However, the economic LUF "land based production" relative to on-farm income was expected to experience vast losses due to transport activities and related dust deposits on fields. This problem is particularly considered to be problematic in semi-arid and arid regions of Inner Mongolia [57, 58] .
Scenario 3: Environmental Conservation and Tourism
The "environmental conservation and tourism" scenario was expected to have positive impacts on seven LUFs (2 social, 2 economic, 3 environmental). In addition to targeted conservation strategies on environmental functions that are performing well under this scenario, it is interesting to note that cultural aspects related to tourism (tourists who enjoy grasslands and nomadic culture) were expected to benefit most. During the scenario impact assessment workshop (phase 4), some participating experts mentioned the high potential of ecotourism or cultural tourism in Inner Mongolia, which will most likely increase in the future as the result of the growing middle-and upper-income classes in China. 
Assessment of Scenario Impacts (Sustainability Trade-Offs)
In the field of assessing multifunctional land use, scenario studies can serve as explorative techniques for envisaging the different potentials, risks and sustainability trade-offs [59] . An aggregated view of the scenario impacts (Figure 3) , in which the perceived importance placed on multiple land use functions by stakeholders was considered with a weighing procedure ( Table 3) , indicated that a development-oriented intensification of land (agriculture and mining) will mainly benefit the economic dimension, while negatively affecting the social and, in particular, the environmental dimensions. In contrast, a promotion of environmental conservation programs, in combination with a promotion of the tourism sector, indicates only positive effects. However, in spite of the need for economic development and the fact that the environmental conditions in Inner Mongolia are quite fragile, policy makers need to balance all three dimensions of sustainability (economic, social and environmental) to achieve the most sustainable land use options. 
Interdisciplinary Cooperation in Impact Assessment
In addition to generating new results, the FoPIA method also aims at fostering knowledge exchange among interdisciplinary research groups, which we understand as a process. In this regard, it is not only crucial to understand each other's disciplinary language but also to build a common ground of trust [60] [61] [62] . In this study, the land use function framework was utilised to support bringing together a heterogeneous group of international researchers. Based on the LUF framework, the individual participants in the scenario impact assessment workshop (phase 4) could introduce their professional background by highlighting those LUFs about which they felt the most knowledgeable (Table 4) . Thereby, it could be demonstrated that the expertise among all LUFs has been covered. It appeared that many participants had multidisciplinary backgrounds, which can be explained by the various personal backgrounds, both on the professional side (e.g., profession, academic background) and the private context (e.g., family, hobbies). The group very much appreciated this exercise while having the chance to introduce themselves as well as learning the areas of expertise of others. 
Policy Recommendations
A key recommendation was to improve the science-policy interface at the institutional level. This recommendation refers to better access to and more influence on decision-making for scientific knowledge, especially in regard to monitoring and assessing policy results. The panel group of the scenario impact assessment acknowledged the need to increase scientific participation and the importance of methods such as FoPIA. The emphasis on scientific advice reflects the general trend in the Chinese political system to increasingly involve scientific advice in policy-making [63] .
The workshop in phase 4 also stressed that better scientific knowledge of the social, economic, and environmental land use issues in Inner Mongolia should inform policy makers. According to the recommendations, research should deepen the knowledge about the impacts of various types of land use, in particular, the impacts on water resources that were considered a key challenge in most areas of Inner Mongolia. Moreover, research should better understand the implications of land use and adaptation strategies for strengthening environmental resilience (i.e., better understanding the causal linkages between human-environmental systems). The participants also suggested examining the relationship between national and local natural resource provisions. However, in addition to the importance of scientific knowledge, the participants also proposed to give more weight to the tacit knowledge of local people such as Mongolian herders, who place a high level of experience on the environment they live in and its needs. Many of the suggestions imply not only a policy change at the local level but would also require changing the national and provincial priorities and macro-targets [64] . Consequently, the recommendations targeted the National Development and Reform Commission (NDRC) in particular, which is the major economic planning agency. Some experts claimed that the NDRC should replace its economic focus with an integrated view that considers the interrelations between various factors such as agriculture, mining, water, and the environment. Contrary to the national promotion of the extractive industry in Inner Mongolia, other workshop participants recommended limiting the extraction of minerals and coal in the region. Instead, the national and provincial governments should advance the development of renewable energies and grassland protection.
As the implications of these recommendations are quite far-reaching for current policy, the participants did not only see a need for policy change but also for institutional adaptation in politics. The critique targets two particular problems of the Chinese political system: first, the lack of coordination among government agencies. The workshop found that there should be a clarification of institutional mandates and responsibilities, as well as a cooperation mechanism for joint decision making and implementation to reduce or avoid overlapping and unclear responsibilities of the government departments and to improve the work efficiency. Second, in a study of the Chinese political system, the "implementation bias" describes the fact that local governments often significantly change the decisions of the central government when implementing these at the local level or even not implementing them at all [65] . Considering this challenge, the participants thought that the implementation of national laws and policies by local governments should be better monitored and controlled.
Finally, the participants also came up with ideas for instruments to design and implement policy. Recognising the lack of an ex-ante assessment of policy in China, they proposed to create a monitoring system for policy impact assessment, using remote sensing and information technologies, to clarify the impacts of mining and agricultural policies. In addition, to better protect the grassland, the participants say that the state should clarify the land-ownership of herders.
The Potential of FoPIA for Knowledge Brokerage (KB)
With respect to impact assessment, the scientific provision of assessment results is best incorporated into policy makers' decisions [66] . FoPIA itself is a scientifically developed and tested method that aims at providing scientific and stakeholder knowledge for the policy process and impact assessment. Accordingly, it is one of FoPIA's core elements to establish an interaction among scientists and policy makers. FoPIA may thus serve as an entry point for establishing the KB process and for implementing different KB elements. While scientists provide scientifically profound knowledge on which to build the assessment, policy makers are regarded as stakeholders within FoPIA who contribute to the assessment with their practical expertise on the corresponding policy area and geographic region. Thereby, the scientifically generated results can be partly in parallel or continuously reflected by policy maker expertise. Further, policy makers are, from an early stage, involved in the assessment process, which may support their understanding of the results and allows them to gain knowledge and insight that goes well beyond the pure reading of the final assessment report at the end of the assessment process. To identify and discuss the KB aspects of FoPIA, we built on Michaels' six KB elements, as they illustrate the variety of general brokerage options that allow for a comparison with the five FoPIA phases (Table 5) . Saarela et al. [39] list KB methods e.g., the identification of key experts, joint meetings of scientists and policy makers (including the introduction of new people to each other), and joint fact-finding activities as well as policy briefs. Table 6 provides a detailed overview of the FoPIA phases in relation to Michaels' KB core elements. Table 6 . Knowledge brokerage elements used in FoPIA (according to Michaels [37] ). The general FoPIA method as a participatory assessment instrument was particularly based on (KB4) engaging, as it aims at motivating all involved parties (scientists, policy makers and possibly further stakeholders) to participate in the individual assessment phases [32] . As a systematic evaluation and presentation of expert panel results is relevant in policy impact assessment [67] , FoPIA has followed a specific structure that was now extended by means of this study.
Main participants in the
However, during all FoPIA phases, policy makers and scientists did not interact directly or on a personal level, but the phases are usually dedicated exclusively to policy makers (phase 2) or scientists (phases 1, 3 and 4). Thereby, the information identified in the previous phases formed the basis for the following phases and was presented to the new expert group in the following phase. In dissemination phase 5, scientists and policy makers were both providing their comments in the same phase, yet again did not interact directly. Thus, in sum, FoPIA presents a strong, yet indirect, pattern of cooperation among scientists and policy makers during almost all phases.
Within the five individual FoPIA phases, the particular focus was on KB elements 1 to 4. In phases 2 to 5, the experts were identified based on their expertise corresponding to land use changes in Inner Mongolia (KB4 engaging), a relevant element in panel composition also identified by Noble [67] . They were then motivated to participate in the workshops and the survey (KB3 matchmaking), a KB activity that was regarded as central in the FoPIA process in their comparison of six knowledge brokerage cases [39] . Further, the experts were invited to provide their expertise to the corresponding activities (KB2 consulting).
Thus, in phases 2 to 4, the participants were directly or indirectly informed of the results of all or some previous FoPIA phases and thus extended their individual knowledge on land use changes in Inner Mongolia. Further, the FoPIA research team introduced the FoPIA method to the scientists and policy makers (KB1 informing, according to Michaels [37] ). Thus, the participants received additional information about a participatory impact assessment method that was new to them and gained personal expertise by participating in it. Although experience with assessment systems may be one of the reasons for inviting a person in an expert role for a participatory assessment [67] , the main reason for the invitation to FoPIA participation was personal expertise on land use questions and changes in Inner Mongolia.
(KB6) capacity building is indirectly mentioned, as building capacity can be seen as having strong overlaps with (KB1) informing on the participants on the FoPIA method and on land use changes in Inner Mongolia, as well as with the participation as stakeholders in the FoPIA. Similar approaches are described by Fazey et al. [15] , focusing on knowledge exchange or knowledge sharing to provide information to the interested involved parties. This activity also implied a possible transformation of knowledge for the different participants, particularly through the research team that served as facilitator throughout the entire FoPIA process [15] . FoPIA can thereby be regarded as an instrument that indirectly builds the capacity of the participating stakeholders, thereby possibly enabling the knowledge being taken up in future and further policy processes.
The strength of (KB5) collaboration within FoPIA could be seen from two positions. With respect to the strong interaction of the FoPIA research team, this aspect could be regarded as one of FoPIA's key KB activities [39] . In contrast, when looking at the direct interaction of stakeholders and research experts throughout the entire FoPIA process, it could also be identified as the weakest KB aspect in FoPIA. As the stakeholders and scientists did generally not participate in the same phase (only in phase 5 in parallel) and did not interact personally, a direct interaction could not be established. Collaboration [37] and, in a wider sense, the co-production of knowledge [15] are regarded as relevant elements but are less included in the present setting of FoPIA.
For future FoPIA, it would be valuable to consider how a stronger and more direct interaction among policy makers and scientists could be established. Further, this could be relevant with respect to the joint framing of research and policy-relevant FoPIA questions.
Despite the missing direct interaction, we regard the current five-phase structure of FoPIA and the actual implementation of each of these phases as a strong support to KB. Applying the FoPIA already allows policy makers to benefit from scientific expertise that was specifically requested for the local needs of the policy makers (in phase 2). This benefit was strongly supported by integrating the two new phases into the original FoPIA concept. Phase 1 "context analysis/literature review" allowed for a deeper analysis of the local and regional context, thereby offering a broader knowledge to base the scenario development on (particularly for phase 3). Furthermore, phase 5 "formulation of policy recommendations," summarises the key results of the FoPIA in a format targeted specifically at policy makers. Furthermore, the advantage of incorporating a dissemination phase into FoPIA was confirmed by reflecting the five FoPIA phases in the light of the KB concept. Though dissemination methods as policy briefs have already become an established element in research processes, this phase had previously not been a steady part of FoPIA. In summary, the KB focus emphasised the relevance of the FoPIA with respect to bridging the gap between science and policy.
Conclusions
Key Findings from the Case Study
As for the scenario assessment, the "Land intensification: Agriculture" and "Land intensification: Mining" scenarios were found to have mainly negative environmental and social effects and positive economic effects, while the "Environmental conservation and tourism" scenario was found to positively affect all three sustainability dimensions. Nevertheless, in spite of the need for economic development and the fact that the environmental conditions in Inner Mongolia are quite fragile, policy makers need to balance all three dimensions of sustainability (economic, social and environmental) to achieve the most sustainable land use options. The expert panel of the scenario assessment stressed the need to improve the science-policy interface and available monitoring systems. For example, there appeared to be a gap between policy design (i.e., land conversion) and policy implementation (spatial targeting) mechanisms, which could be optimized by installing appropriate monitoring systems (e.g., remote sensing).
Lessons Learned from Extending the FoPIA Method
In this study, the traditional three-phase FoPIA approach after König et al. [33] was expanded to a five-phase approach involving (1) a new context analysis phase; (2) sustainability context specification; (3) scenario and indicator development; (4) impact assessment (weighted and non-weighted); and (5) a new policy recommendation formulation phase.
In examining the FoPIA as a method, three key findings emerged.
 First, discrepancies between research knowledge (phase 1) and local stakeholder needs (phase 2)
were identified while reflecting on the first two phases. These two phases generate a richer scientific basis for the development of a local sustainability FoPIA context. The discrepancies between international research result availability and local stakeholder needs identified in these phases highlight a need for stronger local policy maker involvement during the development of research designs relevant to Inner Mongolia.  Second, the new final phase (phase 5) of policy recommendations addressed not only local policy makers but also national policy makers. In promoting constant collaboration between scientists and policy makers during the various phases, the extended FoPIA approach creates opportunities to intensify knowledge brokerage at the science-policy interface.  Third, discussing the findings with stakeholders before disseminating the results was viewed positively by the researchers and policy makers. This approach allowed the participants to affect the final results in addition to the strictly intermediate phases (2, 3, 4) that they were originally involved in.
Thus, while we conclude that the FoPIA results of this study do not serve as empirical evidence, they do serve as a supporting tool towards the identification of region-specific land use problems and verification of causal relationships between policy actions, land use decisions and selected sustainability indicators.
With regard to the KB function of FoPIA, assessments of the methodological phases show that FoPIA primarily serves to establish the KB process and that the framework especially benefits from early evaluations of scientific results by policy makers. We conclude that FoPIA again proved to serve as a sound method of policy assessment. Further, we found that FoPIA fostered knowledge brokerage, thus increasing the political uptake of scientific results. Therefore, the use of FoPIA may promote the inclusion of scientific assessment results in policy-making processes.
